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Abstract 

In  this  article,  the  general  boundary  relations  for 
a  source-driven  physical  antenna  are  forimilated  in  a  strict¬ 
ly  Ivlaxv/ellian  sense*  Therefrom,  by  invoking  the  limiting 
condition  of  infinite  conductivity  for  a  lossless  antenna, 
wo  arrive  at  a  .simple  radiation  boundary  relation  which 
brings  forth  the  significance  of  the  field  expansions  for  a 
non-radiating  sotirce  and  at  the  same  time  indicates  the  v;ay 
for  a  first  order  solution*  This  then  characterizes  the 
fonaulation  of  our  present  boundary-value  problem  of  a 
"closed  system"  and  also  differentiates  itself  from  a  dif¬ 
fraction  problem  for  an  "open  system”  as  far  as  Maxwell’s 
field  is  concerned* 

TTae  formlation  appears  rather  unfamiliar  at  first 
sight,  but  some  reflections  on  the  energy  balance  relation 
in  macroscopic  phenomena  and  especially  on  Dirac’s  treat¬ 
ment  of  radiation  damping  of  erection  will  help  justify  our 
pr  e  s  ent  argument  * 

The  first  order  solution  for  a  source-driven  finite 
cylindrical  antenna  obtained  by  using  the  simple  radiation 
bou.ndary  condition  gives  rise  to  a  geometrical  factor  which 
indicates  the  condition  of  resonance  of  the  system.  The 
necessary  procedure  to  take  into  account  the  effect  of  in¬ 
ternal  Impedance  of  a  real  antenna  is  indicat edj  but, 
tharfcs  to  the  principle  of  superposition,  this  modification 
*  Received  20  Pebi^iary  1956, 
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does  not  change  the  eojt-ential  fsatureb  obtained  fon  the 
case  of  a  lossless  antenna, 

1,  Theory  of  Radiation  Boundary  Conditions 


Tl'iis  article  —  regarding  the  boundary  conditions  of 
a  source-driven  antenna  —  is  rather  popular'.  In  the  sec¬ 
ond  and  third  sections,  we  shall  use  a  finite  cylindrical 
antenna  to  illustrate  the  theoretical  and  practical  apuli- 
cations.  The  iiaportance  of  this  theory  of"  boundary  condi¬ 
tions  can  be  explained  as  follows. 

In  the  classical  solution  of  antennae  radiation 
problems,  Vs'e  assume  that  the  electrical  current  po4Sse3ses 
a^  sine  curve  distribution  in  the  antenna  and  thus,  we  find 
the  radiation  field.  This  method  of  solution  is  certainly 
a^cm^de  approximation,  since  we  do  not  consider  how  the 
sine  curve  cui’rent  is  prod'uced  or  how  it  reacts  in  rela¬ 
tion  to  the  energy  source.  In  this  kind  of  solution,  the 
matcning  impedance  of  the  antenna  and  the  energy  source 
are  ta.cen  care  of  individually  according  to  the  line  theorv. 
In  other  ?;ords,  vie  consider  the  closed  system  of  "energy 
source-antenna-space"  as  two  open  systems  and,  in  solvi?V, 
we  do  not  apply  lUajOTroll  *  s  j^lectro-magnetic  Theory  riirjdly, 
ihis  approximation  simplifies  the  method  of  treatment  and 
proves  to  be  satisfactory  for  engineering  applications. 

In  recent  years,  however,  the  increasingly  wide- 
sp!P63.d  3.dopblon  ci  wav©  and  iiiici'*owav©  iias 

necessitated  flirther  under sta-nding  of  the  mutaal  interac¬ 
tions  of  different  currents  on  antennae  and  the  precise 
reaci^lon  of  energy  sources  towards  the  current.  If,  as 
stated  In  the  previous  paragraph,  we  neglect  the  finite 
boiindarjr  conditions  of  the  antema,  then  it  is  not  nossible 
to  nave  ^urther  understanding  (assuming  also  that  the  cur¬ 
rent  has  a  sine  curve  distribution  in  the  antenna).  In 
ot.aer  words,  we  must  tai-ie  the  antenna  system  as  a  boundary 
value  proolem  m  conjunction  with  an  excited  energy  source, 
hence,  a  lorced  oscillation  problem  of  a  finite  conductor 

ell  and  Hertz,  this  question  has  been 
observed  in  both  tneory  and  practice.  Especially  iu  more 
recent  years,  the  interest  for  research  in  this  area  has 
beenjieener  as  tne  methods  of  analysis  have  become  more 
precise.  But  li^Jias  aDm/a^rs  been  neglected  and  not  dis¬ 
tinctly  distinipiished.  The  forced  oscillation  of  a  con- 
divided  into  two  kinds.  Ihe  first  kind  Is 

conductor,  by  absorbing 
the  incident  wave,  produces 

n?  radiation.  The  energy  source 

f  uii.  inciaenc  waves  is  beyond  the  scope  of  our  considera- 


2 


tion,  and  is  not  liiTluenced  by  the  diffraction  body.  a?he 
second  problem  is  the  one  that  vie.  are  to  disctxss  now.  The 
conductor  (antema)  combines  direct  with  the  energy  source 
and  is  excited,  producing  forced  oscillation,  and  radiates. 
Hence,  the  energy  soxirce  Is  strongly  reacted  by  the  radia- 
t-Jon  body,  Tiie  many  aspects  of  the  diffraction  question 
have  been  investigated  in  detail  by  many  authors,  and  their 
findings  are  contained  in  many  authoratative  works.  But 
the  problem  that  we  are  about  to  address  ourselves  to  — 
the  radiation  problem  of  the  closed  system  of  ‘'energy 
source -antenna -space"  —  has  never  received  the  correct 
theoretical  development,  Tiiis  article  may  tell  us  the 
importance  and  significance  of  the  two  previous  kinds. 

All  in  all,  we  can  state  that  the  diffraction  problem  is 
an  open  system,  one  of  the  ftlaxwell  Electro-magnetic  Field, 
vdiereas  the  antenna  radiation  discussed  in  this  article  is 

a  closed  system  problem. 

From  the  previous  discussion,  we  knov^  that  the 
forced  oscillation  problem  of  a  finite  conductor  is,  in 
fact,  a  closed  system  of  Maxwell's  Electro-magnetic  Field. 
It  cons-Jsts  of;  1}  the  source;  2)  radiation  antenna  of 
finite  size;  and,  3)  infinitive,  proximity  space  throixgh 
which  the  electro-magnetic  wave  energy  radiates  outwardly. 
In  such  a  problem,  it  is  a  simple  matter  to  fix  the  finite 
geometrical  shape  and  boundary  of  the  antenna  conductor, 
Kow  to  add  energy  source  into  the  antenna  is,  however,  not. 
a  simple  problem' to  solve.  R,  King  and  his  collaborators 
have  made  a  systematic  investigation  of  this  aspect.  Ac¬ 
cording  to  the  realities  of  physics  and  engineering,  and 
the  convenience  of  mathematical  cs-lculations,  we  can  as- 
stime  the  following  to  be  King's  method:  energy  source  is 
a  finite  potential  difference  Vq  added  to  a  very  small  gap 
In  the  middle  oi''  the  antenna.  Diagram  1  represents  an  ex- 


Diagram  1*  Cylindrical  Antenna  Model, 


3 


ariiple  of  a  cylindrical  aritonna  conductor.  Since  the  energy 
source  gap  is  so  snail,  the  electrical  cui’rent  in  the  tv^o 
halves  of  tlie  antenna  can  be  considered  as  continuous, 

Vii'ith  the  above  statement  and  understanding,  v;e  can  further 
establish  the  fornula  of  Kaxwell^s  Electro-magnetic  Field 
in  the  tv/o  media  of  the  antenna  corid.uctor  and  exterior  free 
space.  Because  no  electro-magnetic  v;av6  energy  can  be 
transmitted  to  this  system  from  outside,  it  must  be  a 
closvod  electro-magnetic  field  system. 

For  clearer  understanding,  this  problem  must  adliere 
rigidly  to  the  significance  of  the  Maxv/ellian  Field  Theory. 
Let  us  look  at  the  system  of  equations  used  by  some  authors. 
In  the  antenna  cond^xctor  media,  they  use 


(^0 


^  X  Hj  - D,  =  J,  =  (EME,) 
dt 

V  •  Bi  =  0  , 
v  ■  Of  —■  Pi  ■ 

•  il  +  Pi  —  0  ■  (c)  j 

El,  D^,  H]_,^and  Bp,  are  the  electro-magnetic  field  pro¬ 
duced  by  incUiction  current  Jp  and  charge  on  the  conduc¬ 
tor,  Ep  Is  assumed  to  be  the  only  field  nroduced  h^r  the 
energy  scarce.  Prom  the  strictly ’ Maxwellian  Field  stand¬ 
point  of  the  incomplot eness  and  the  inappropriateness  of 
the  equational  system  (l)  are  obvious.  Regardless  of  hov; 
the  high-frequency  en&vf^j  source  is  added  to  the  antenna 
conductor,  it  produces  not  only  a  field  E»i,  but  also, 
simixltaneously,  displacement  current  ^D»p  and  equivalent 
magnetic  fields  Hp  and  Bp.  According \o  the  principle  of 
superposition,  the  complete  Maxwellian  Electro-magnetic 
Field  equation  system  in  the  conductor  dielectric"must  be: 


(h) 

( c) 

(d) 


(1) 


v  X  Ei  + 


dt 


-  rt 


V  X  Ej  4-  4-  BI  -  0  ,  V  X  E,  +  B.  =  0 

dt  dt 

V  X  !H[  d-  HJ  -  -|-  id;  +  DiJ  =  Ji  =  I  Ef  +  E] , 

V  •  =  0  ,  V  ■  B,  =  () , 

V  *  {DJ  +  Dj]  ~  Pi , 

V  •  J,  +  Pi  -  0  ; 


(«> 

(b) 

(c) 

(d) 

(e) 


(2) 


A 


fields  with  prine  aye  pyodiiced  bj  the  energy  source^ 
and  flsTis  without"  prime  nepneser*  the  reaction  in  the  con¬ 
ductor  dlelaetric,^  “  Bie  linear  Interaction  between  energy 
source  and  reaction  will  be  determined  entirely  from  the 
I'onmilaa  (2b)  and  {2d)  ^  and  produce  j,  in  the  conduct  or- jf  the 
cofflbinejd  cui'rent  Jy  and  ©barge  ’  . 

Irs.  the  exterml  free^-ispac©  dielectric  fS)  *.« 'stnce 
itB  conductivity  equals  &evo  --  neither  th©  conduction 
current  nor  the  charge  osn  exist,  Tlierefore^  interaction 
forrmila©  (2b)  and  (2d)  can  be  separated.,  arri^ring  at  the 
following  combined  system  of  aquations  of _two  independents 
energy  source  field  arid  ind’acticn  fields 


V  X  Ei  +  -  0 . 


■V  X  E,  h  -yr  > 


b  X  - &  > 

V  ‘  B|  =■■  0 , 

V  .  «  0  , 


V  X  H;i  —  -Q-  Bx  ~  0  » 

V  ■  Bi-o, 

V  •  B,  0  . 


From  the  M,ax?.'ellian  field  equation  system  of 
tion  fiolds  in  the  two  dielectrics  and  energy  sourcsj  th® 
usual  boundary  relation  tells  us-  that,  on  the  boandary  sur- 
face  of  the  conductor,  the  tangential  component  of  th© 
electric  field  and  magnetic  field  of  two  dielectrics  mst 
be  contimous  J 


+  [EMEd..  « 


Theorotioally  gj>6akin.gj(  if  the  exp'&nsion  form 
and  B:*-,  *  of  the  soui'-ce  field  of  two  dielectrics  is  laiOY®., 
•we  C.3H  Aefiriite^ly  find  out  the  induction  field  Sj  2  and 
Ki,2,  Sind  the  induction  current;  and  charges  on  the  'cond’ac- 
tor  fx-om  formula  {4)»  However,,  the  impo2"tance  and  meaning 
of  tlia  usual  bcfundary  relation  in  (4)  is.  not  in  the  matlie® 
matical  taclmique  of  expanding  the  source  fieldj,  but  in  the 
basic  eoncep't  of  Inter chfuiging  action  between  the  soui’c© 
field  and  the  5-nduction  fields  Using  th®  ideal  limiting 
conditions  of  Ijifinitel'y  large  conductivity  of  the  conduc¬ 
tor,  we  can  easily  undei'stand  this  concept,  Wlien  the  con¬ 
ductivity  (‘of  a  conductor)  is  infinitely  large,  the  elec¬ 
tro-magnetic  field  in  the  conductor  is  equal  to  sero,  end 
formla  (4)  is  siiaplifleci  according  to  the  following  form: 


(5) 


.j  =  I  tii-rKj If ,  ) 

o-[E,'  +  E,L.  i 

Since  energy  source  and  Induction  field  are  the  con- 
timioua  x'unotions  of  space  and  tlme^  relations  of  formla 
(5)  are  aoctirate  not  merely  in  boundary  surfaces  of  two 
dielectrics,  but  also  at  every  point  in  the  external  frsa- 
space.  Thus,  because  the  coimponents  of  electro-ioagr^Btio 
field  have  a  singular  nature,  we  can  arrive  at  the  follow¬ 
ing  ”no  loss”  general  relations  for  an  antennal 

Hj  +  Hi  -  0 ,  El  +  El  =  0  .  ^  0  j 


Hence,  source  field  and  induction  field  simply  can¬ 
cel  out  each  other  in  outer  free-space.  That  is  not" to 
say,  however,  that  an  excited  ”no  loss”  antenna  does  not 
discharge  radiation*  As  a  matter  of  fact,  according  to 
naturally  logical  results  obtained  from  the  Maxwell  Field 
Theory,  it  should  be  regarded  as  the  equilibrium  energy 
relationship  between  energy  source  and  response.  Similar¬ 
ly,  in  formula  (4),  in  respect  to  an  antenna  with  limited 
electrical  conductivity,  the  energy  source,  besides  pro¬ 
viding  radiation  energy,  also  has  a  field  to  overcome  the 
internal  impedance  of  an  antenna.  Since  the  Maxwellian 
equation  implies  the  principle  of  energy  eqtiillbrium  wo 
can,  therefore  —  to  boundary  relationships  obtained  by 
closed  systems  of  an  energy-included  soixrce  —  imply  the 
some  principle,  I^om  this,  ib  csn  be  seen  that  our  deri¬ 
vation  and  explanation  above  have  not  established  anv  new 
concept  outside  the  Mtixwelllan  system.  Energy  source  field 
E»2  and  HtQ  are  merely  a  mathematical  guide  field  and  in- 
^ctlon  field  E2  and  H2  must  react  according  to  its  model. 
This  is  the  same  as  the  Newtonian  principle  of  ”an  equal, 
ana  opposite,  reaction  for  every  action”.  This  is  the 
characteristic  of  the  logical  derivation  according  to  the 
laaxwslxlan  closed”  theory,  and  tells  us  clearly  that  the 
energy  source  provides  merely  radiation  energy,  but  does 
not  itself  produce  radiation  directly.  The  actual  radia¬ 
tion  source  is  the  induction  current  having  form  on  the 
antenna.  At  the  same  time,  the  above  derivation  distin¬ 
guishes  clearly  the  problem  we  are  discussing  at  present 
and  general  diffraction  problems.  In  the  diffraction  prob- 
the  conductor  receives  electro-magnetic  wave  enercv 
an^  external  energy  source?  hence,  it  is  an  open  sys- 

point  of  view  of  the  Maxwell¬ 
ian  Field  Theory,  In  the  problem  we  are  now  discussing, 

absorbs  energy  directly  from  the  eSIrgy 
source,  and  reacts  to  the  energy  source  according  to  the 
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geometric  forms  and  physical  properile-'s  of  that  conductor# 
whil  ©  the  energy  source  itself  does  xtou  produce  ra<Ax.at/xOn* 
Hence#  regarding  this  from  the  standpoint  of  the  I&3well-. 
ian  Field  Theox’j#  sourc e-ant enna^free  space”  does 

constitute  a  closed  ■system® 

Therefore#  formula  (6)  is  the  general  radiation 
boundary  relationship  of  a  non-radiation  energy  source 
excitation  for  a  ”no  loss”  antenna*  Because  the  energy 
eoure©  does  not  produce  an  ©iectro-imignetic  field  in  an 
ideal  conductor  antenna,  the  energy  source  field  1«2  ^^id 
W-9  of  cuter  free^space  can  be  computed  very  easily  from 
the  determined  form”  of  energy  source,.  In  the  following 
two  sections,  w©  will  use  this  radiation  boundary  rela¬ 
tionship,  solve  the  problem  of  a  finite  cylindrical  anten¬ 
na  with  an  internal  energy  source  potential  difference  Tq* 
As  to  the  effects  of  the  internal  Ijapsdance  inside  the 
anterma#  we  can  fill  it  up  with  suitable  radial  distribu¬ 
tion  of  the  energy  source  voltage* 

Ea'ving  understood  the  concept  of  this  derivation, 
and  the.  character  of  meaning  of  the  boundary  relationships 
of  an  ideal  ”no  loss”  anterma,  w©  can.  liirther  find  the 
complete  meaning  of  formula  (4)  for  the  application  of 
finite  electrical  conductivity  antennaca  Since  the  mean¬ 
ing  of  the  two  equations  of  r©latio,nshtp  (4|  &Te  the  same, 
it "suffices  if  we  only  discuss  the  second  equation  concern¬ 
ing  the  field*  From  fonxulae  (6)  and  (6),  it*  can  be  seen 
that  the  radiation  cojjmonont-s  of  E^g  sortd'Eg  ezaetly  cancel 
out  each  other*  M'ence,  what  remains  on  the  right  side  of 
formula  (4)  is  only  the  ^residual”  of  “local”  field®  £hzp- 
pose  we  let 


Ej  ~  Eifsad)  +  , 

Es  ~  EjCfjd)  ■i*  ) 


(7) 


And,  from  foxmailae  (5)  and  (6),  the  radiation  fields  are 
naturally  cancelled  out : 

Ej(,.,d)  +  Ej(rs<j)  —  y  (8) 

Then,  the  second  fo.nmila  in  relationship  (4)  can  be  much 
simplified  by  the  following  formt 

fEi  I  lE2{!oail>  't  EaUoisO  J<  {8} 

Frofirth©  two  simultaneous  equations  in  formulae  (8) 
and  (9),  if  the  energy  source  fte3.d  Is  known  theoretically, 
then  we  can  completely  determine  the  radiation  component 
and  the  local  coivponent  of  the  induction  field  Bg*  But, 
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this  method  of  finding  a  solution  has  two 
backs:  first,  even  if  the  enSrgy  source  voltage 

simple  antennae  specifications  in 

field  produced  by  the  energy  source  is  still  very 

SSfSlo'finl;  Loona.  toholve  «rih»rLt  enM^Sl 

eauations  of  formulae  (8)  and  (9)»  thou^ 

ly  imn^ossible,  it  is  very  complicated. 
difficulties,  we  have  to  rely  upon  the 

boundary  relationships  of  formulae  (5)  and  (6),  in  order 
to  solve  the  radiation  problems  in  outer 

"no  loss”  antenna.  Afterwards,  we  again  use  the  disturbance 
mrttoa  to  calculate  the  effect  of  Its  Internal  ln^iedance  In 

®  ^Ipom  Smt^has  been  described  above,  the  dedueea 
physical  meaning  of  our  accurate  "■  Ti*" 

li^llcatlona  -  Is  also  vary  Important.  *“?  „ 

fundamental  concept  of  the  production  and  the  action  of  en¬ 
ergy  source  field  and  Induction  field.^with  the  exception 
of  what  was  di-scussed  above,  now  this  closed  derivation 
shows  the  meaning  of  intereffects  between  energy  source 
and  induction.  We  can  limit  the  form  of  energy  source,  but 
before  knowing  the  accurate  reaction  functl^,  we  cannot 
limit  the  ejqjanded  function  of  the  field.  They  ^st  be  _n- 
temally  compatible  In  the  Maxwellian  system,  and  conform 
to  the  principle  of  linear  superposition  included  in 
lae  (2)  and  (3).  Naturally,  this  is  the  characteristic  of 
closed  deduction  for  any  physical  phenomenon.  Einstein  s 
deductive  Theory  of  General  Attraction  is  an  example.  In 
our  present  problem,  as  long  as  the  actual  space  dielectric 
has  a  little  loss,  then  the  energy  field  and  reaction  field 
interact  and  Interhinge  throu^  the  vdiole  time— space  sys¬ 
tem,  Hence,  it  is  very  difficult  —  almost  lit^ossible  — 
under  the  general  conditions,  to  find  the  accurate  equili¬ 
brium  state  of  energy  field  and  reaction  field  in  the  Max¬ 
wellian  system.  Fortunately,  under  ideal  limiting  condi¬ 
tions  of  "no  loss"  antenna  and  free  space,  we  get  very  sim¬ 
ple  formulae  of  rad5.ation  boundary  conditions,  and  their 
solutions  are  obvious, 

2,  Symbols  and  Terms  In  Energy  Source  and  Antennae  .Systems 

For  reference,  see  Diagram  1  (page  3),  Syudjols  and 
terms  used  in  this  article  can  be  described  as  follows: 

2h,.,,..,. . ...Total  length  of  cylindrical  antenna; 

a. .,.., ........... .radius  of  antenna; 

b.  . . . thickness  of  very  thin  cylindrical 

surface  layer  —  high-frequency  cur- 
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rant  flows  through  this  thin  layer, 

‘y'o»***®»»***»®*  difference  of  energy  source 

(or  thin-plate  voltage  source}  of 
circular  syisaetryi 

(i  0,  po>9o) *««•«« layer  b,  co«.ordinat©s  of  thin- 

plate  voltage  source,^  &ra| 

(G  .<-'0.  9o)» *««»«••». •*••  co-ordinate  of  circular  syjmetry  in¬ 
duction  current  in  layer  b,^  %  a; 

(g,  r,  ©)«*•, 9,. «®«co-ordinate  of  observation  point  P; 
ipo)*. •••»*•  .•«co-ordinat©  of  points  of  the  cylin¬ 
drical-base  charges  QC^h)  ,/*|  Sk  aj 
!(?)»« ••••average  induction  current  density  in 

3,aysr  b  —  its  equivalent  volume 
charge  density  ia  q| 

Q„(^fch)s «»•«••••»••  ••average  base  charge  density j 

©“^•. ••••••. ••...••exponential  time  co-efficient j 

+  ;«?  witfi,  ••propagational  constant  of  dielectric 

(1)  of  the  circular  conductor j 
-h-juiiiiSi,  propagational  constant  of  dielecti’ie 

(2)  of  outside  free-spacej 

1?C  —  [f* +• —  2  r  —  0)  -f  (i<— 0)*]'^, 

distance  from  observation  point  P  to 
every  electric  source | 

■  —  iV^  + —  2  f /?(,  cos  CPo"*  +(j?“C)^P, 

distance  from  observation  point  P  to 
every  induction  current | 

{ 10 )  ^2  “  +  /^o  “  2 r  cos  (9?a  -  0)  -f-  (»  — 

distance  from  observation  point  P  to 
base  charges  Qt-t-h)? 


(11) 


(12) 


Ri  ~  [f*  +  pI  “•  2r  Pa  cm  {^o  ”  0)  t  (j?  + 

distsnee  from  observation  point  P  to 
base  chsng©  Q(~h)i 


Vo  h  po  d<Pe. 

4sri?o  ’ 

expansion  form  of  Hertz  function  for 
©vary  component  of  the 

voltage  source  (about  its  derivation, 
see  Appendix) | 


/  4  $2  ivj 

expansion  form  for  all  points  of  the 
Hertz  function  of  the  Induction  cur¬ 
rent 
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(15) 


P(+^)  — ■*“  /w£*(+A)  — /(+A), 

I  =  ~  ;w£>(-A)  =  -/(-A)  =  -J(.+A), 


the  continuity  equation  of  base 
charges  Q(d&h) ; 


“  4  JT  €2  i?l 


4  »r  6:  Kj 

y-f  J(+^)  ^  Po  <^9o  ^y*,sj  4.  g-y-<  1(4- A)  b  Podfg  ^ 
—  /  4  62  ^2  ;  4  JT  M  62 


(14) 


the  two  base  charges  Q(i;h)  equiva¬ 
lent  to  the  scalar  potential  func¬ 
tion  for  every  point. 

In  this  article,  M,K.S,  units  are  einployed  to  cal¬ 
culate  all  formilae  and  field  quantities, 

3»  Theory  of  Energy  Source  Excitation  of  a  Finite  Cylin¬ 
drical  Antenna, 

Diagram  1  shows  a  finite  cylindrical  antenna  inside 
of  which  there  is  a  thin  plat©  of  voltage  source.  Under 
very  high  frequency.  It  can  be  proved  that  the  current  a- 
long  the  cylindrical  axis  is  limited  in  a  very  thin  sur¬ 
face  layer.  Since  our  present  interest  is  the  investiga¬ 
tion  of  high-frequency  energy  source  excited  antennae,  we 
can  assume  the  thickness  of  that  current  surface  layer  to 
be  b,  where  b  is  much  smaller  than  the  radius  of  the  cylin¬ 
der,  a.  Therefore,  the  distance  between  the  thin  cur¬ 
rent  layer  and  the  cylinder  axis,  can  be  said  to  be  equal 
to  radius  a,  as  indicated  in  the  formulae  in  the  second 
section.  Although  the  radial  current  in  the  antenna  is  not 
entirely  equal  to  zero,  it  can  be  completely  disregarded  In 
practical  calculation  of  radiation  fields  when  compared 
wit3-i  the  main  axial  current  in  layer  b.  Since  axial  cur¬ 
rent  is  not  absolutely  equal  to  zero  at  the  two  bases  of 
the  cylinder,  we  can  naturally  assume  that  surface  charges 
exist  on  them.  a?hey  also  fulfill  the  equation  of  continuity 
formula  (13)  above.  The  simple  model  above  accurately 
represents  the  actual  situation  of  a  finite  cylindrical 
antenna  under  high-frequency  energy  excitation.  At  the 
same  time,  it  has  singularness  in  the  sense  of  the  Maxv/ell- 
ian  system. 
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i  if 

I  ^  <  ft.  p 

i  Ik  ^  rf  «  i  “O 


1  1  1  ■'i 

I  !  I  I 


Dlagrairi  2«,  Region  of  Integration, 

Now  w©  can  ns@  the  radiation  boundary?  nelB.tionshlp 
(6),  anA  the  simple  model  indicated,  in  Diagi^am  in  order 
to  calculate  the  field  components  along  the  z  axis. 


[EME,]*  =  -|V  iJk-m  +  mfh-i-m  -  4-^  -  o . 

03  oz 


(15) 


where  II 0,  ig  the  total  Herts  funetion  of  the  en&r^gj  source 
II  is  the  Herts  function  produced  by  the  density  q  of  the 
induction  current  and  xi-otom.©  charges,  0  is  the  total 
scalar  electrical  potential  produced  by  the  charges  on  the 
two  base  surfaces.  Sines  the  i''adlalj,  or  r-eomponent ,  of 
the  field  can  be  accuj'-ately  cs.lculat ad  from  its  z-eoEiponent 
using  Maxwell^s  field  ©quatic®  it  will  suffice  if  we 
calculate  the  2;-.oomponent  of  formula  (15),  . 

Hhe  differential  forms  of  the  three  functions  IIa, 
n,  and  0  hej7e  hemi  expr eased  in  formulae  (ll),  (IS),  and 
(14)  — >  in  the  second  section,  I>ae  to  the  fact  that  the 
energy  turarcej.  induction  ©urr.ent  and  charges  on  base  sur¬ 
faces  of  the  two  half-sections  of  the  antenna  ’are  antl« 
s^irdrtetrieal^  we  need  only  compute  the  field  along  the  poai- 
tiw-  a  axis,  DiagraiB  2  shotrs  three  different  Regions, 

V?ithin  each  region^  different  potential  functions  must  be 
accurately  expanded.  The  following  is  their  derivations 

We  ©xi^and  th©  Heretz  function  IIq  of  the  energy  source 
in  the  following  mEnr!.erj 

,  jT-:-";  ^  _  _ _  _  _ _ _ 

cos  ('Po“"^j  +  (^—O)^)  (?'■*' ^A  — 
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^  2  i-x 


(16) 


tion  of  total  energy  source: 

^  v"^^)  //„"  (/>«  v'^T^)  •  '•  1 

We  e^and  the  Hertz  function  XI  of  Induction  cur¬ 
rent  I(^) 

=.  \''r^+p^--2r  po  cos  (<Pa- C~  —  O' ^  ‘^'  ’  ''  " 

J-«  " 

j  2  i  i" HI"  '■  ^  I 


2:  -'-  V]  Mr  ^/|FF)  H"'  C/’O  > 

2  J  —  «* 


— W:  ^fA|*-CI  y  <  |^(j. 


Substituting  forttrala  (18)  into  formula  (12),  and  integrat¬ 
ing  with  respect  to  ^q,  we  obtain 


i Upo  v^^) h”'  <.  ‘^A,  .  >  Po 

-~4u>  S2  J  - 

_  1 

("*  bp,Ur^WM)iio'  (/,„  V'4i-A^)^^i*-O^A,  r  < />o. 
— 4w  S2  J-* 


(19) 


In  our  present  problem,  we  need  ou!!^  integrate 
formula  (19)  in  Region  II  with  respect  to%,  and  we. have 


fj  ^  - L__'^  r  *  <!.  f>t,  JoiPo  v^^i-A* )  X  ^  ^ 

X  /if/'  O'  '^kt-M')  dk  <?''•  [  I  I  cos  AC  j/C  j 

We  expand  the  scalar  potential  function  produced 
by  the  charges  on  the  base  surface  ^ 

I  y  .0f*“  j^(p,  (.r^W=^)  '■  >  ''M 

.  ,  2  J-»  I  to-i  \ 


rIT  1 


2  i p  y,(.  h”'  C/^o  v^^'FF)  ^  ' 


(21) 
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Substituting  formula  (21)  in  formula  (14),  and  integrating 


with  respect 

V  — 2u.i  S2 


get  the  function  ^  in  Region  II 

*  Po  JaiPt,  )  X 

_  { 
X  (y  )  \  ~~I(h)  j  dn  U]  dk . 


(22) 


Substituting  foimila©  (17),  (20),  and  (22)  into  radiation 
boundary  relationship  (15),  we  get  the  following  Identical 
©quatioii  in  Region  II 


^  Po  MPo  (y  A*  >  dk  e>*'‘  X 


X  {(«-- A‘)  [r  -  i;  V  ,c]  +  r«)}  ==  0 


(23) 


In  Region  I,  w©  can  also  obtain  the  same  Identical 
equation,  but  to  integrate  with  respect  to  tl  is  a  very 
ccaaplicated  process*  VYe  will  not  discuss  if  further  here. 
In  equation  (25),  as  long  as  the  functicnal  constant  in  the 
bracket  is  zero,  then  formula  (23)  in  the  radiation  field, 
or  on  the  bosindary,  will  in  any  case  be  completely  fal« 
filled*  Hence,  we  haT©  the  following  relationship 


£  no  cos  kc  iC  =  ^  i{k) 


(24) 


in  which  ¥?©  can  coBtputo  the  fU-nction  I(^)  of  current  dis¬ 
tribution  for  a  *^no  loss*-  antenna  in  a  simple  model  as  *4 
shovm  In  Diagram  1,.  From  the.  simple  model"  of  this  antenna 
in  Diagram  1,  we  know  that  K^)  is  th©  even  fumtion  of  A., 
It  mast  also  be  the  even  lljnction  ofX,  for  £f  I(t)  is  the 
odd  function  ofX,  then  the  integration  of  the  constant  in* 
auction  H.©rts  function  II  with  respect  to  will  make  II 
equal^^t-o  aero«  Fr-ora.  the  above,  we  can  assume  the  solution 
of  in  fcims-ila  (24)  to  be 


i  ca)  cos  AC 


(25) 


where  G-(X,)  raust  be  &n  even  function  of  A.,  and  is  dlmansS  on- 
less*.  Substituting  formula  (25)  into  the  two  sides  of 
fo:m.ila  (24),  wMlo  integrating  with  respect  to  tl  ,  we  get 
the  solution  of  Cr(X)  s'. 


_ _2U _ 

2kk  'i-  sin  2XA 


A  sin  kA 

kh-x^ 


1th  +•  sia  2Ai^ 


(26) 


Hence,  (1(>4  is  actually  the  even  function  of  and  X, 
SAimiltaneously*  Here  we  should  notice  th©  following: 
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fcr-nsila  (25)  'iis  still  the  operational  function  of  I(^)* 

Its  operational  parameter  isX«  When  we  substitute  I(X) 
of  formula  (25)  into  formulae  (20)  arid  (22),  and  after  in¬ 
tegrating  with  respect  toX.>  we  get  the  algebraic  solution 
of  induction  potential  function.  Substituting  these  II 
and  0  algebraic  solutions. 


di  ~  *2  r  X  ^  =  j  a>  Sj  W  X  n  , 


(S7) 


we  get  the  algebraic  solution  of  field  Eg  and  EU  of  the 
space  dielectric.  Finally,  from  the  following  simple 
formula. 


/w  =  J  [-1  r]  (88) 


we  get  the  algebraic  solution  of  current  distribution  on 
the  antenna.  The  above  procedure  for  finding  a  solution  is 
the  special  characteristic  of  finding  the  integral  over  a 
complex  number  surface  (:\,-surface  here)  of  any  boundary 
value  problem.  In  our  present  problem,  the  harmonics,  or 
standing  waves,  caused  by  the  finite  boundaries  of  an  an¬ 
tenna  conductor,  will  show  its  form  only  after  the  opera¬ 
tional  form  has  changed  from  -Integral  to  algebraic  form. 
From  formula  (28),  after  arriving  at  the  current 
distributional  function,  we  can  give  the  following  defini¬ 
tive  relationship  of  the  induction  point  admittance  or  im¬ 
pedance  of  a  ”no  loss”  antenna: 

Vo  -  4~-  =  ^  (0)  ==  I  ..2_  /■/  j  ( 29 ) 

Where  Y  and  S,  respectively,  are  the  induction  admittance 
and  in^edance  of  the  energy  soiirce  in  the  center  of  the  an¬ 
tenna. 

Calculation  of  IT  function  in  Region  I,  Now  we  can 
substitute  K*^)  in  formula  (25)  into  formula  (19),  and  In¬ 
tegrate  in  Region  I  with  respect  to^,  since  I(-t)  I(t), 

We  have  only  to  calculate  the  range  of  0iz<h,  equal  to  the 
upper -half  region  of  the  antermaj  and,  in  this  z  range, 
the  operational  parameter  jmist  have  a  positive  imaglnerv 
number  component, 

VW-^)  (rVW^  G(A)  dX  l»-fl  cos  AC  Jc]  = 
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(30) 


■  ■  <1/1  p  £  (cos  Af )‘ +  2  cos  cos 

-=  -I'-  -  <2A  [acosAsJ*  (cos  ACy  <^c]  ==  -  j"*  dk  .(lU  ??./-) J  . 

The  last  two  lines  can  be  obtained  from  t lie  properties  of  ■ . 
even  and  odd  fimctions  rby  integrating  with  respect  to^. 

The  factor  in  forKiula  (30)^ 

Ae”'""  cos  kss  —  -f  ^ 

clearly  points  to  the  follo^^ing:  this  Hertz  Induced  poten¬ 
tial  function  or  current  is  a  standing?  wave;  that  is  to 
&B.J i,  the  miltl-ref lection  weo/es  of  different  Elgon  values 
toX.,  This  is  again  just  what  we  would  expect  to  be  the 
result^  as  far  as  the  effect  of  the  two  flat  base  surfaces 
of  a_  'no  loss"  antenna  is  concernedB  Since  the  integration 
quantity  In  forasila  (30),  with  respect  toX.,  has  an  even 
functional  property,  the  ArS'urfaee  integral  calculation  can 
be  written  into  the  following  forms  - 


^  Po  JoiPo  H;”  (r  X 


(31) 


X  I 


_ 2/d  sin  2AA 

(2kk  +  is;ri  2A/i) 


As  to  the  scalar  potential  fixnction  0^  caused  by  the  charges 
on  the  two  bases,  it  has  the  following  forms 


^  =  e- 


V  .tA»  r  2A/L+ s«i  2AA  A  A  1 

I  2AAsin2AA  J ’ 


(32) 


The  Integral  quantity  in  formula  (31)  sho^^s  that  we  can  add 
an  infinitely  large  ha If- circumference  on  the  upper-half 
of  the A.=’ surface,  in  order  to  male  a  closed~curve  Integral® 
without  affecting  its  result »  As  sho'sm  in  Diagram  3  (see 
next  page)s  »  T 

4-  Ka  “  dr  Cto®-  1 


»  iC 

point  is  a.  branch  point  on  the  closed  integral  curve  V 
butX;K-kp  point  should  be  outside  of  the  closed  curvet* 
The  xntegral  quantity  of  forumla  (31),  except  outside  the 
branch  point still  has  the  following  transcendental 
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©qtiatiorx 


ai-A*)(2iU-}-8in2iA) 


(33) 


the  roots  of  which  have  numerous  simple  poles*  We  can  very 
easily  prove  thatX»0  Is  not  a  root  of  fcrmala  (53),  and 
that  all  Its  roots  must  have  the  positive  and  negative  com¬ 
ponent  of  complex  numbers.  Let  >0^3  represent  the  different 
complex  roots  of  transcendental  equation  (33),  and  let  Br 
i^present  the  suitable  branchcut  from  to  infinity. 

The  integral  result  of  formula  (31)  can  be  written  in  the 
following  manner: 

. . dk  . . I-.-.  dl  +  2ni  R„  U«)  ( j 

The  residues  at  different  ^--.s  poles  all  have  a 

negative  expotential  damping  factor.  That  is  why  these 
similar  residue  waves  are  really  the  localized  waves  con¬ 
centrating  at  the  energy  source  point  {zs:±0).  At  points 

^  away  from  the  energy  source 

P®lut  (or  surface),  these  residue  waves  become  verv  weak 
damping.  Hence,  at  different  points  where 
z*e*o  on  the  antenna,  II  — .  the  main  component  of  the  in- 

integrated  along  the  branchcut,  and  these 
waves,  R*iiis,  can  be  entirely  disregarded 
in  the  calculation.  But  the  accurate  calculation  of  these 


/ 

A 
/  r 


Diagram  3,  X»-surface  Integral  Curve* 

branchcut  integrals  is  still  very  complicated.  So,  in  dis¬ 
cussing  the  following  two  conditions, 

(next  page) 
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!ion«b.armoni o  ,  ,  ■ 

condlt ions  s  h=hn,  -— 

Kaniaord  c  In —  h2>x 

conditions  2  ^  .fA 

'  4  i 


(35) 


We  will  use  an  appropriate  approximation  method*  Tbs 
in  forstaila  (55),  represents  the  wair©  length  of  energy  source 
frequency  in  free  space* 

&)  Bon-hamonlc  condi,tions6  Brom  forjtralae  (31)  and. 
(34),  and  from  Diagram  3,  w©  note  that  when  we  ascend  along 
the  branehcut  Br,  larger  ard  larger  negative  expot mtial 
damping  factors  make  th©  resulting  irialn  component  of  the 
integral  approach  kp,  froiaX,®  Then,  in  the  vicinity  of.A.%  : 

kp-a  ws.  can  remove '’very  slowly  the  factors  in  the  variable., 
values  1b  the  integral  sign*  ihus,  we  obtain 

E  ^  f  JAAA')  25^4±i^. AA  f  ^a>  ,/||rF)  { 36 ) 

V.  o  /  si.t? 

Where  th©  term  A  in  formula  (51),  in  the  vi¬ 

cinity  of^-jsskg,  can  be  treated  as  const-ants 
formla  thna  obtalnedi,  has  al3»eady  no  polo  inside  the  in¬ 
tegral  sign*  Hence,  w©  can  place  the  branchout  integral 
Br  back  into  t3'j.a  e.ctual  real  nomber  axis  .position,  getting*- 
the  following  resultsi  -  ■ 


E  ~~  jf f  t  ficAA')  '''' 

8  ^'1  /  si.»  2^1%  h  J ., 


14*^  it  v'li-'F) 


-  +  |r)  i  j:  (.  v'grp) , 


(57) 


mere  the  last  line  in  the  forrmla  is  obtained  from  the 
apherieal  waves  from  Poiiriara*  Transformation, ■  at  r>0,  and' 
any  value  of  s,>  have  equal  convergent  properties.  Hence, 
it  is  dif f er^tiable  irith  respect  to  s, 

b)  Hamonic  conditions.  Suppose  we  do  not  need  a 
more  accurate  calculation  of  fowsiula  (Sl),  then  under  the 
haraonic  condltioYiis  Its  solution,  naturally,  is  also  formu¬ 
la  (S7),.  But,  it  is  in  harmonic  state  Skohsan^r  |  hence, 
the  follovrlng  term  of  factor  becomes  infinitely  large: 

sin  2k>.  h  ’*  sin  nn )  *  ’  {37a.) 


21"iis  simply  shows  the  harmonic  phenoiftcnon  of  the 
energy  scarce  frequency  for  this  ”no  loss”  antenna  system 
in  a  vacuum.  It  Can  bs  seen  that  in  this  theory,  in  the 
process  of  finding  a  solution  using  approximations  this 
Important  conclusion  has  not  been  missed.  It  is  the  har¬ 
monic  reaction  of  energy  source  of  a  closed  system  with 
which  the  antenna  and  space  are  connected.  This  well- 
known  phenomenon,  and  its  engineering  applications,  have 
anyhow  its  simple  mathematical  proof.  There  must  exist 
”no  loss”  conditions  in  the  real  universe  space  we  are  in, 
and  the  discharged  electro-magnetic  wave  energy  must  also 
be  absorbed  entirely  or  converted  into  another  energy. 

Hence,  must  have  a  positive  imaglnery  number  coii:5)onent: 

-  ^2  —  Sj  +  ;  u»  ft'i  at : 

where  €**.  =  0,  but,  however,  is  very  small.  So,  the  har¬ 
monic  factor  in  the  above  formula  (37a),  though  very  large, 
will  not  become  infinity*  In  our  simple  theory,  the  natural 
appearance  of  the  harmonic  phenomenon  of  this  closed  sys¬ 
tem  —  ” energy-antenna-space"  —  is  very  fortunate. 

Calculation  of  ^  function  caused  by  the  charges  on 
the  two  bases.  Similarly,  in  the  integral  of  the  scalar 
potential  function  0  in  formula  (32),  we  arrive  at  the  cut 
radius  Integral  which  goes  around  the  branch  point Xs-s+ko, 
and  the  poles  of  numerous  A.* jj|S  complex  numbers  of  formula 
(33),  The  residue  waves  obtained  by  the  integral  sur¬ 
rounding  these  T^ljnS  poles  actually  disappear  little  by  lit¬ 
tle  as  they  go  away  from  the  energy  source  (z*iO)  on  the 
antenna.  The  main  component  of  the  integral  is  obtained 
from  the  brancheut  X«+kg*  tJging  a  method  similar  to  the 
previous  one  in  calculating  the  II  function,  we  can  obtain 
the  following: 


'C 


VqPo  ^  \ 
2^2 


){ki 


/  L  J  ' 


(38) 


This  scalar  potential  function  0  has  no  harmonic  phenomenon, 

and  Discussion  of  Some  Important  PormuTftftn 

Based  on  the  calculations  of  potential  vector  II  and 
potential  scalar  derived  from  the  last  section,  we  can 
have  qi^te  a  detailed  discussion  on  the  following  important 

1,  The  expansion  of  (^^1  +  '''*+»*  /  l  s  Tir,  *) 
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Expanding  th©'  operational  diffpnential  of  TCr#  z)  ^ 
hare 


T(r,  sr)  =* 


R'^  I 


-t-  f 


R 


3ff*  \  ,  If 
&■  )  '  V  i?= 


wa  then 
(39) 


when©  R *  V^ithin  the  radiation  boundary,  when 

s  and  R only  the  first  term  In  the  bracket 

of  formula  (59)  is  still  a  finite  quantity;  that  is  to  say. 


(40) 


Within  the  iiiduction  boundary,  and  especially  on  the  sur«. 
face  of  the  anteniia  of  a  conductor,  the  three  terms  In 
formula  (39)  cannot  ba  disregarded  in  our  calculations* 

2*  Antenna  radiation  energy  and  antenna  efficiency* 
Prom  formula  (27),  induced  electric  field  and  magnetic 
field  In  free  space  hare  the  following  form: 


^%u 

E,r 

H 


9 


a" 

or  Qe 


■n 


A, 

dr 


9 


1$  -- 


; «  El  n , 
or 


(41) 


In  the  foliowin^g  calculation,  for  our  later  convenience, 
we  can  propose  the  definition  of  the  following  “G-eometric 
Harmonic  Factor'*  go(h): 


2/^3  sin  2^2  A  ___  1  ^ 


2^3  A  -t~  SIB  2^3  4 

2  sin  2^z  ^ 


(42) 


Substituting  vector  II  and  scalar  0  in  formulae  (37)  and 
(58),  derived  from  the  precosding  section.  Into  formula 
(41),  we  can  obtain  the  different  coirponents  of  the  electro- 


His  « 
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Within  the  radiation  bm'ndary,  the  average  time  value  of 
energy  flow  vector  (Y^ulf-Poynting  vector)  is 


Its  radial  component  is 


,,  -  - 1 ..  HI = (-‘^•-f^)(~)  b’  ^  ‘ > 


Integrating  S^.  over  the  surface  of  the  infinite  large 
cylinder,  we  get  the  total  radial  energy  flov; 


5,  2^  ,  f  I*' 


(46) 


The  second  term  of  formula  (45)  is  the  odd  function  z* 
Therefore,  its  integral  is  zero*  This  shows  that  the  com¬ 
ponent  of  Eggj  OJ'  E^a  second  term  of  the  formula, 

brought  about  by  charges  on  the  two  bottoms  of  the  antenna, 
does  not  actually  produce  radiation,  TM s  effect  tells 
us  th8.t  the  charges  on  the  two  bottoms  are  the  incontinuity 
of  the  locality  of  this  antenna  system.  It  merely  affects 
the  Induced  electric  field.  Performing  the  integraion  of 
formula  (46),  we  get 


(47) 


where  Po  =  (sj  i^o  2  rr  go  i-)  =  (po  2  w g,  represents  the  total 
dipole  moments  of  the  source  of  voltage  of  the  thin  plate. 
The  first  term  of  formula  (47)  expresses  the  energy  of 
radiation  of  a  dipole  v;lth  finite  moment  Tq  per  second. 

The  second  term  is  a  dimensionless  factor.  It  expresses  the 
radiation  efficiency  of  this  finite  cylindrical  antenna 
compared  to  the  radiation  of  a  lengthless  dipole. 

Taking  the  surface  Integral  of  over  the  two  bot¬ 
tom  surfaces  of  the  cylinder,  we  get  the  total  radial 
energy  flow  along  .±  z. 


(-1-A\)  2Kr  dt 


]  ^[f 


(  — Sjf)  2n  r  dr 


(48) 


rhis  is  precisely  what  we  desire*  Because  of  the  antl- 
syminetry  of  the  voltage  and  induction  current  on  the  two 
lalf-sections  of  the  antenna,  the  total  radial  energy  flow 
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is  '£&TO»  Talcing  radiations  this  proTSs  th&t  ths  eosponeistj 
;  of  tlio  dlelectrle  of  the  antema  is  disregarded,  in  ‘  i 
i  calculation#  ■  ■  | 

We  can  see  from  the  abo^e  that  th©  total  energy  tlo%* 
:  of  the. antenna  radiation  system  is  coa^letely  expressed  by| 
i  formla  {47)*  Suppose  w®  let  K 


<49) 


I  represent  the  radiation  of  a  iHertz  dipole  Pq*  W®  can  then 
!  us®  to  represent  the  ©fflelency  of  this  antennas 


] where 


sm 


3S  V 2  da  2^2  A 


■)“ 


(50) 


C51)  i 


When  the  half-length  (h)  of  the  antenna  is  almost  j 
;  equal  to  one«qpart©r  the ■  wave-length  (2^0/4)  in  free  apaoe#  j 

■  or  some  laultiple  of  th©  ©ffiolency  then  becomes  irsry-  | 
high*  It  is  also  this  *^ayit@nna  and  free  spac©'^  system,  '  | 

■  and  the  frequency  of  the  soiroe  of  external  energy  which 

,,  has  r©.diat5-on  harmony*  Previous  ©xperienee  tells  us  that 
:  it  is  correct  both  in  principle  and  thrmgh  calculation  to  | 

;  view  the  simple  th®ox*«t  of  energy  source-excited  antenna  I 
as  a  real  radiation  baindary  relationship*-  The  source  of  | 
energy  Itself  does  not  directly  radiate,  but  has  radiation | 
harmony  with  ”ant@23na  and  free  spaee^’*  j. 

3*  The  Bigen  radiation  resistance  of  center  excited 
antenna*  Before  defining  Eigen  radiation  resistan©'©,  w©  .| 
mast  first  calculate  the  radiation  component  ©f  the  current 
in  the  antenna  at  js-^O*  The  latter  is  the  brancheut  in-  I 
tegral  In  the  II  funcstlon*  Prom  formlae  (28),  {S7),  and  ! 
(39),  we  get  the  followings  j 


/,(ol 


-;a>  Si  Ik  pt,  r _d_  «1  :  -  e  Jr#®  i 

^  id#'  Ji.»(Sr  v  ^ 


Its  effect tv©  value  is 


2" f.efE  ' 


1^0  n'  jgg  k 

v^2 


(52) 


(55)  i 


The  definition  of  Slgen  radiation  resistance, 
: determined  from  the  following  formilas 
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W  =  OrMlY  . 

From  fosmnila  (54) »  we  get 

/?«<i  =  J^r  =  (120  n)  «  109.7 : 

35  sr  V  s  35  JT 

It  is  almost  one-qtiarber  the  radiation  rosistsuice  of  free 
space  to  normal  electro-magnetic  wave*  From  its  defini¬ 
tion,  one  can  see  that  it  is  really  an  Eigen  resistance 
with  center-excited  antenna,  and  has  no  relationship  to 
the  length  of  the  antenna* 

4*  ^le  radiation  resistance  of  center-excited  an¬ 
tenna  excitation  point*  definition  of  excitation 

point  radiation  resistance  is 


(54) 
1? 

(55) 


h..'f  =  v„  . 


(66) 


Substituting  ir,eff  formla  (53)  into  the  above  fortmala, 
we  get 


2  _ 1 _ A|  / jUj 

'f’T*  Poi>  y  S^' 


(57) 


W®  see  from  this  that  it  varies  as  the  two  follow¬ 
ing  factors  vary?  geometric  harmonic  factor  go(h)  and 
wave  length-sectional  factor  b.  Since  the  current 

in  the  antenna  varies  according  to  this  resistance,  it  is 
the  radiation  resistar^je  of  cylindrical  antenna  excitation 
voltage,  and  the  free  space  system,  The  two  geometrical 
factors  above  also  reveal  the  importance  of  the  geometric 
structure  of  this  antenna  system*  The  hl^er  frequency 
the  external  energy  source  excites,  or  the  shorter  the 
wave-length,  the  smaller  will  be  this  resistance,  and  the 
more  effective  a  radiator  vflll  be  this  antenna*  If  the 
frequency  of  external  excitation  is  stationary,  then  under 
getmietrlc  harmonic  conditions  (goCh) -^»«) ,  the  resistance 
is  the  smallest  and  the  radiation  coa^onent  of  the  current 
Is  the  greatest*  As  far  a.s  the  structure  of  a  cylindxleal 
antenna  is  concerned,  this  relationship  is  naturally  ob¬ 
vious* 


5* 


Distribution  of  the  csirrent  radiation  component 
on  the  antenna.  Prom  the  first  term  of  the  II  function 
expansion  of  the  current  radiation  component,  the  distri¬ 
buted  portion  on  the  antenna  has  the  followim  fcana: 

V*  /"bN  _«t 


rXr) 


Vo  ji  go(A} 
A 


PS 


cos  iki  A+^y )  >  — 


*0 


(68) 
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Just  as  WB:  desireclg  it  is  ecjiial  to  th©  ©rtenial  .-roltags 
howe"T©r»  Its  distrlljcjtlon  iias  a  rery  large  di.fferene©  fT(m 
a  real  cosins  eiirir©  distribution* 

6»  .  Distribution  of  total  electric  ©irrant  on, tbs.  ; 
anteraia®  Including  tlie  total  current  of  &  radiation  oca-  . 
ponent  and  an  induction  component,  its  distribution  can 
be  obtained  from  the  following  equations 


(59) 


where  T{r,  e)  Is  expressed  by  formula  (39),  and 

J  Jf.  \i^  a.  + 

Qr  “  L  ^2"'  ^ 


,  12  f~i  jk2r^  15«*r1| 

~  ^  j  . 


(60) 


where  the  radiation  current  component  as  expressed  by 
formula  (58)  is  calculated  from  the  first  term  in  formula 
(60)*  ^l!h0  other  three  terms  are  the  induction  cemponents 

of  the  current.  At  the  proxlTO5.ty  region  of  its  antenna  -- 
especi-ally  on  tha  antenna  boindary  —  it  ia  very  important. 
Prom  this,  we  get  the  distribution  equation  of  the  current 
induction  cortQJonent  s 


i! 

o 

4^1  sr  p^- 

,  12  iki  Po~ 

'3  jki  P'6 

-]  cos 


(51) 


At  the  mid-point  of  tbs  antenna  at  2»0,  the  ratio  of  cur¬ 
rent  induction  coa^onent  to  the  radiation  component  is 


(62) 


whore 


9  = 


arc  tan 


fhliM 

\  Ski  Pi 


(63) 


The  reason  that  the  phase  angle  IP  is  not  exactly 
©c^ial  to  is  because  the  method  of  approximation  is  used 
in  the  brantiheut  integral.,.c8.1eulation  of  the  II  function. 
ForiHUla  {'62)  tells  us  two  iiv^ortant  things  J..  first,_wh©n. 
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as  in  ordinary  cases ^  the  lyaly.©  of  this  ratio  is 
very  large*  That  is  to  say,  the  radiation  field  seems  to 
be  overhead  of  a  very  large  Induction  field  having  a  medium, 
and  then  leaves  the  latter  and  radiates  out  to  free  spaed 
with  the  velocity  of  light  c«  In  all  current  measurements 
along  the  antenna,  in  fact,  w©  merely  measure  out  the  in¬ 
duction  current  component  since  that  very  small  phase 
radiation  component,  or  energy  component,  is  coa^letely 
overpowered  by  the  large  induction  component*  Second,  in 
order  to  increase  the  current  radiation  component,  or  to 
get  out  of  the  antenna* s  radiation  field,  the  only  way  Is 
to  Increase  the  cross-sectional  area  or  the  radius  of  the 
cylindrical  antenna* 

7*  The  effects  of  impedance  of  an  antenna.  From 
the  antenna  model  in  Diagram  1,  it  can  be  seen  that  the 
radiation  bcundary  of  every  thin  layer  of  current  Kp  of 
the  conductor  is  the  same®  Suppose  the  change  of  energy 
source  in  the  radial  direction  is  in  accord  with  the  well- 
known  classical  formula  of  eurrercb  and  voltage  distribution 
in  cylindrical  conductors# 

(64) 

Then,  according  to  the  p?incipl©  of  superposition,  we  need 
only  substitute  V^^b,  in  formula  (11),  X(pb,  in  formula 
(12),  and  I(-t'h)b,  in  formula  (14),  into  the  follow5.ng 
formulae  t 

(li)  fp  Vab >  Po  Jo  (.Po  ^ )  dptt  j Jo  (a  )  ,  (65)  i 

/(O  b - >  /o(0  Jo  (.Po  )  ^Po  j  Jo  («*  )  >  (^b^) 

I(+h)  b  —>  hi+h)  MPe  )  dpoj/j^  (a  (67) 


(12)  rf. 
(14)  fp 


The  aforementioned  radiation  bmridary  relationships  are 
still  fulfilled*  In  the  ttree  formulae  above, 

Io(^)s»th®  current  volume  density  on  the  conductor  sur- 
p  faces 

in  the  antenna  conductor; 

X«  kg,  refers  to  the  main  propagational  waves  in  a 
eyllndrical  conductor, 

The  potential  ftinstions  IIq,  II,  and  resulting 
from  formulae  (17),  (20),  and  (22),  all  have,  in  the  sense 
of  an  extra  integral  frQm/®^a*0  to  ssaa.  The  other 
ierivatlon  and  generalization  are  completely  unaffected, 
When  a  cylindrical  antenna  is  supplied  energy  by  a 
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pair  of  transaiias:lc-Ti  3.in®s  of  th©  sam®  qtialifcy  and  radius, 
tha  abo'?©  transforrjiatiori  and  integration  will  desorib©  very 
accux'afcaly  th©  ©ffecta  of  impedance  In  an  antenna.  Detail¬ 
ed  calculation  is  '^‘©ry  direct,  and  it  is  sin^llfied  her©/ 
Assume  that  in  the  middle  of  the  antenna  we  use 
other  methods  of  supplying  energy  then  at  2*ai:0,  or  at  the 
point  of  input,  the  distributed  function  of  voltage  and 
current  on  the  radius  must  be  determined  or  described  be- 
forehand.  Only  then  can  w©  consider  calculation  of  the 
effects  and  results  of  ini^edanee  in  the  antenna* 

Anoendix 

Derivation  of  Hertz’s  differential  function  formula 
(11)  of  energy  source  with  voltage 

Vector  potential  A  of  d’Alembert’s  equation 

' 

V*  A  -  Ae  A  -  -  ^  J .  ( ) 

Using  reasonable  M.K.S.  units  to  calculate,  the 
solution  is 

dK  - 

4n‘J?  '  (AS) 

Where  J(^)  is  along  the  '^-current  volume  density  direct  ion* 
R  is  the  distance  fro^a  observation  point  to  volxirae  element  ’ 
^(^)d  dS*  'fh©  equivalent  definitive  formula  of  the  Hertz 
function  is 

^A==/2s-|~(ifl,>  «  — (A3) 
Combining  formulae  (A2)  and  (AS),  w©  obtain 

ill,  ==  (A4) 

~f4rftasR 

The  cuiu^ent  UC^)  on  length  expresses  the  opposite 
charges  on  the  two  bottom  surfaces,  their  relationships  is 

=  (A5) 

Two  opposite  charges  AqdS,  a  distance  of  apart,  equi¬ 
valent  to  a  capacitance  system,  and  possessing  capacitance 

■iC  -1~- .  (A6) 

of  , 

Dividing  dC  by  qdS,  w©  get  the  two  terminals,  the 
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voltage  difference 

V  ~  .  (A7  ) 

'  '  $  '  ‘s  -/LdS  ’ 

where qd^  is  the  unit  areals  dipole  moment*  Substi¬ 
tuting  formula  (A7)  into  formula  (A4),  w®  get 


Vc^dS 


(A8) 


So,  in  a  small  space  dC#  the  two  terminals  have  the 
energy  source  of  the  voltage  equivalent  to  a  similar 
small  space  with  a  classical  Herts;  dipole*  In  the  pro¬ 
ceeding  part  of  this  thesis,  we  have  used  this  formula  to 
calculate  the  expansion  form  of  the  energy  source  field* 
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